Objective: To evaluate dietary habits and nutrient intake of Finnish pregnant women, to relate these to the use of dietary supplements, and to explore possible dietary variations according to age and education. Design: A random dietary survey using two ®ve day estimated food records. Setting: Pregnant women from 13 maternity clinics in the city of Oulu, Finland. Subjects: One hundred and eighteen pregnant women in their third trimester. Main results: The main sources of energy were cereal products and milk products. The consumption of ®sh and poultry was low. Women with a higher educational level consumed more vegetables, fruit, fruit juices, and tea and less sausages, inner organs and coffee than women with a lower educational level. Younger women (`25 y) consumed more sugar and pork and less berries, butter and inner organs than older women. On average 15% of the total energy was supplied by protein, 33% by fats, 52% by carbohydrates, and 12% by sucrose. Compared to the Nordic nutrition recommendations, the proportion of polyunsaturated fatty acids and the intake of dietary ®bre were low and the intake of sugar high. The intakes of vitamins and minerals met or exceeded the recommended allowances, except for vitamin D, folate, and iron. Of the subjects 70% used dietary supplements. With the exception of vitamin D, folate, and iron, both the supplement users and non-users had an adequate nutrient intake from their diet. Conclusions: A balanced diet covers the increased nutrient requirements during pregnancy, with the exception for vitamin D, folate, and iron. The use of dietary supplements during pregnancy is excessive and partly focused on the wrong nutrients. Young and less educated, and smoking pregnant women need more nutritional guidance.
Introduction
Maternal nutrition has been shown to have a crucial impact on fetal growth (Godfrey & Barker, 1995) . Accordingly maternal dietary habits may play an important role for future risk of type 2 diabetes mellitus and cardiovascular diseases in the offspring, since poor intrauterine growth has been implicated as a factor predisposing to these chronic diseases (Barker, 1994; Virtanen & Aro, 1994) . There is also an increasing interest in the role of essential fatty acids during pregnancy and their possible functional consequences (Hornstra et al, 1995) . The energy costs of pregnancy are usually quite low in Western countries (King et al, 1994; van Raaij, 1995) , and therefore the increased requirements of vitamins and minerals during pregnancy have to be met by enhancing the nutrient density of the diet. Studies in Spain (Ortega et al, 1994) and Norway (Henriksen et al, 1995) have indicated that vitamin D and iron are among the most critical nutrients during pregnancy. An adequate intake of folate and the need for folate supplementation has also been discussed (Steegers-Theunissen, 1995) .
In Finland the recommendations of nutrient intake for pregnant women are based on Nordic nutrition recommendations (Nordisk Ministerra Êd, 1996; Nordic nutrition recommendations, 1996) . Finnish authorities have given the recommendations concerning food selection during pregnancy (National Nutrition Council, 1989; Hasunen et al, 1997) . Pregnant women are advised to use vitamin D supplements during the time of the year, when exposure to sunlight is low (November to February). The Nordic Council of Ministers has made a statement that the physiological need for iron during the later part of pregnancy can not be supplied solely through the diet (Nordisk Ministerra Êd, 1996) . The use of iron supplements is therefore common among pregnant women even though this is still a controversial issue (Hemminki & Merila Èinen, 1995; Roodenburg, 1995) . Otherwise healthy pregnant Finnish women are not advised to use any other supplements than iron. A female dominance has been observed among Finnish dietary supplement users in a previous survey (Kaartinen et al, 1997) . It is possible that pregnancy is the incitement for an increasing use of dietary supplements.
The only data on dietary habits and nutrient intake of Finnish pregnant women dates from the early 1970s (Pietinen, 1974) . The aim of the present study was to evaluate dietary habits and nutrient intake of pregnant women and to relate these to the use of dietary supplements. Are there any differences in the quality of diet between supplement users and non-users? Is a well educated woman a typical supplement user (Kaartinen et al, 1997 ) also during pregnancy? Additionally the present study might help to assess whether the present dietary recommendations for pregnant women do emphasize the appropriate issues. By using maternal age and education level as background factors we also wanted to identify possible risk groups whose nutritional guidance should be more effective during pregnancy.
Subjects and methods
In this study, 142 consecutive healthy pregnant women in their third trimester attending 13 maternity clinics in the city of Oulu during August 1995 to April 1996 were personally invited to participate by their nurses. The reasons given for refusing to take part were the pains of record keeping (n 7) and complications of pregnancy (n 6). Four women reported no reason. Of the invited mothers, 125 agreed to keep dietary record, and 124 returned the ®rst 5 d record. One hundred twenty-one subjects returned the other 5 d record. In the analysis three women were excluded because of incomplete dietary records. Therefore, the ®nal series comprised 118 (83% of those invited) women. Ethical approval for this study was obtained from the Ethical Committee of the Oulu University Hospital and the Ethical Committee of the Public Health Care Department, City of Oulu. All subjects gave their written informed consent.
Sociodemographic data were collected by a structured questionnaire. The mean age of the subjects was 29.6 y (s.d. 5.1) and the median number of pregnancies 1 (range 1±7). Among the subjects, 14% aged less than 25 y, 69% between 25±34 y, and 17% 35 y or more. Thirty-four (29%) had been educated for 9±12 y and 84 (71%) for at least 13 y. Of the subjects 15% (17 out of 116) reported smoking during pregnancy. Haemoglobin was measured in maternal welfare clinics by routine methods.
Food consumption data were collected by means of two 5 d estimated food records. The ®rst food record was kept during 29±32 weeks of gestation and the second one during 33±36 weeks of gestation. The time interval between the two records had to be at least one week. Food records comprised four week days and one weekend day. The subjects were instructed to record everything they consumed during the recording periods. A booklet with 126 pictures of common food items and mixed dishes was used to facilitate the estimation of portion sizes (Haapa et al, 1985) . Vitamin and mineral supplement usage was also included in the dietary records. After each recording period the records were checked at the maternity clinics by one of the investigators (M Karppinen, M.Sc. in nutrition) who also guided the record keeping by giving in advance personal and written instructions to all participating subjects.
The dietary records were coded by two of the investigators (ME and AN), and the data were analysed using a software developed at the National Public Health Institute (Ovaskainen et al, 1996) . Nutrient values of the food composition data base are mainly derived from chemical analyses of Finnish foods. In addition complementary data is obtained from the Finnish food industry and international food composition tables. Intakes of nutrients from supplements were calculated using the composition data bases of the National Public Health Institute and National Food Administration.
Statistical analyses were performed with the SAS program (1989) . Means and standard deviations of food consumption and nutrient intake were calculated from dietary records. Food and nutrient intakes were log transformed when necessary to meet the assumptions of normality. For testing the signi®cance of differences between various groups the t-test or the variance analysis of Tukey± Kramer was used. Multiple linear regression was used to take account of the independent effects of separate variables. Levels of signi®cance refer to regression analysis of continuous variables. All differences between age groups are adjusted for length of education and all differences between education groups are adjusted for age and energy. Differences between users and non-users of supplements are adjusted for age and length of education. For testing the association between the use of supplements and sociodemographic variables logistic regression was used.
Results

Weight gain during pregnancy
The subjects were divided into four groups according to prepregnancy body mass index (BMI). Rate of weight gain in these groups was different (Figure 1 ): the average weight gain of the women in the two highest BMI categories was 1 kg less compared to the women in the two lowest BMI categories (13.4 kg vs 14.6 kg, P`0.05). The average weight gain was 14.0 kg (s.d. 4.6).
Food consumption
The mean daily consumption of different foods is presented in Table 1 . The main sources of energy in the diet of the pregnant women were cereal products (27% of total energy), milk products (22%), dietary fats (12%), fruits and berries (12%), meat products (9%), vegetables (6%), ®sh products and egg (2%), and other foods (10%). The common use of cheeses and sweet foods increased the intake of saturated fat and sugar. In contrast to the general recommendation not to use liver or liver products during pregnancy, 28% of the subjects had eaten them during the recording days. The composition of the diet did vary in relation to age and length of education. All comparisons between age groups are adjusted for length of education and all comparisons between education groups are adjusted for age and energy. Compared to the older age groups, women younger than 25 y of age consumed more sugar (P`0.01) and pork meat (P`0.05)) and less berries (P`0.05), butter (P`0.01) and inner organs (P 0.05). There were more differences in the composition of the diet by length of education: more educated women consumed more vegetables, fruits, fruit juices, and tea, whereas less educated women ate more sausages, inner organs and coffee (Table 1 ). The intake of coffee was greater for smokers than non-smokers (P`0.001). No other differences in food consumption between smokers and nonsmokers was detected.
Energy intake and nutrients
The intake of total energy was higher in the pregnant women educated for at least 13 y compared to the women educated for 9±12 y: 9308 kJ (s.d. 1836) vs 8511 kJ (s.d. 1404), P`0.05. The intake of total carbohydrate, sucrose and lactose were higher in more educated women Diet of pregnant women M Erkkola et al (P`0.05). Compared to younger age groups, women in the oldest age group had the highest intake of all types of dietary ®bre (P`0.05). The intake of different types of fat did not differ in the different age or educational groups. Saturated fatty acids contributed about half of the total fat intake ( Table 2 ). The average ratio between linolenic acid and alfa-linolenic acid was 4:1 (recommendation 5±10:1). The diet of pregnant women who did not eat ®sh during the recording period (n 17) contained signi®cantly less (P`0.001) eicosapentaenoic acid and docosahexaenoic acid compared to the diet of subjects who used ®sh (n 101). The intake of energy-yielding nutrients did not differ between week and weekend days (P b 0.4).
On the average, all the women had low intakes of vitamin D, folate, and iron (Table 3 ). The main source of vitamin D in the diet was ®sh (36% of total vitamin D intake), 
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and consequently the intake of vitamin D was higher in thè ®sh-users' compared to subjects who did not use ®sh (P`0.001). The main sources of folate were vegetables and cereal products. Less educated pregnant women compared to more educated ones had lower intake of vitamin C (P 0.002) and higher intake of calcium (P 0.02). The intake of iron differed according to age: the pregnant women older than 34 y had a higher mean intake of iron compared to women aged less than 25 y (P 0.04). Also the intake of magnesium showed the same trend; the average intake was greater in the older age group (P 0.03). The intake of vitamin A differed by use of liver or liver products; subjects who consumed liver or liver products during the recording period had a higher mean intake of vitamin A than subjects who did not use liver or liver products (1930 mg vs 965 mg, P`0.001). The intake of ethanol differed by smoking; smokers had a higher mean intake of ethanol than nonsmokers (0.4 g vs 0.2 g, P 0.04).
Use of dietary supplements
Among the pregnant women, 70% used at least one dietary supplement. Iron products (48% of subjects) and combination preparations comprising several vitamins and minerals (31%) were the most frequently used supplements. When comparing supplement users to non-users there were only a few differences. The supplement users had drunk more fruit juices during the recording period (P 0.03) and they had lower haemoglobin level than non-users at the beginning of the pregnancy (P`0.001). However, there were no differences in the last haemoglobin value measured before the delivery. Except for vitamin D, folate, and iron supplement users had an adequate intake of nutrients from their diet ( Table 4 ). The length of education and age were not associated with the use of supplements during pregnancy (P-values in logistic regression analysis 0.34 and 0.23, respectively).
Discussion
The selection of foods by Finnish pregnant women met well the Finnish dietary guidelines (National Nutrition Council, 1989) . The high consumption of low-fat milk products and fruits were consistent with the recommendations. The average use of traditionally recommended foods, such as cereal products and potatoes, was low, however. This supports the assumption that rice and pasta have at least partly replaced potatoes on the plate of Finnish women. The low consumption of ®sh and poultry contributes to the low intake of polyunsaturated fatty acids. In con¯ict with the current recommendations of not consuming liver during pregnancy (Hasunen et al, 1997 ) a quarter of the subjects had eaten liver or liver products. A less educated older woman was a typical liver eater in our study. This indicates that the liver recommendation has not completely reached the target group. On the other hand a Ministers, 1996. b Iron balance during pregnancy requires iron stores of approx. 500 mg. The physiological need for iron during the later part of pregnancy can not be supplied solely through the diet. (Kleemola et al, 1994) the energy intake of the pregnant women in present study was higher (8.1 MJ vs 9.1 MJ). The high proportions of saturated fat and sugar of the total energy intake in relation to the recommendations are noteworthy in the diet of pregnant women. There appears to be a need for changes in the quality and quantity of fat and carbohydrates in the diet of pregnant women. The proportion of polyunsaturated fatty acids, especially essential fatty acids, should be increased. The recent study on the relation between birth order and maternal and neonatal docosahexaenoic acid (DHA) status (Al et al, 1997) indicated that maternal DHA status decreases for each pregnancy. This implies that multipara have to pay extra attention to an adequate intake of essential fatty acids.
Different weight gain targets are recommended during pregnancy according to prepregnancy BMI (Reports of the Scienti®c Committee for Food, 1993; National Research and Development Centre for Welfare and Health, 1995) . The average weight gain of the women in the two highest BMI categories exceeded the recommendation (13.4 kg vs 7±11.5 kg). An inverse relationship was seen between maternal prepregnancy BMI and weight gain during pregnancy: the average weight gain being higher in the women in the two lowest BMI categories when compared to the women in the two highest categories. In the Stockholm Pregnancy and Weight Development Study weight gain during pregnancy showed a strong relation to postpartum obesity (O È hlin & Ro Èssner, 1994) . According to recent ®ndings (Helakorpi et al, 1996) approximately 36% of adult Finnish women are at least slightly overweight (BMI b 25 kgam 2 ). In most pregnant women a decrease in saturated fat intake and an increase in complex carbohydrate intake and ®bre-rich foods could reduce the risk of overweight.
Intakes of vitamins and minerals met or exceeded the recommended allowances, except for vitamin D, folate, and iron (Table 3 ). The average intakes of vitamin E and thiamin were slightly below the recommended levels. For iron there is no Nordic recommendation. Comparison with the recommendation of Recommended Dietary Allowances (National Research Council, 1989) : 30 mgad from diet and supplements indicates that the increased requirements during pregnancy can not be met by the iron content of habitual Finnish diet. The iron intake does not seem to increase during pregnancy. In the present study the iron intake of the pregnant women was very close to the average intake of Finnish non-pregnant women, 12 mg vs 13 mg, respectively (Kleemola et al, 1994) . Finnish women are early socialized to use iron supplements during pregnancy and a conscious effort to increase the use of iron rich food is therefore not common. Even though the iron supplementation is indisputably necessary for most of the women, the in¯uence of dietary advice should not be underestimated (Anderson et al, 1995) .
The intake of vitamin D was extremely low (Table 3 ). An increased need of vitamin D by pregnant women is dif®cult to meet exlusively with dietary means during the winter months. The recording period took place during the time of the year when exposure to sunlight is very low and the importance of vitamin D content of diet is therefore crucial. The recommendation to use vitamin D supplements during the winter months (10 mg daily from November to February) seems therefore to be very reasonable. Women not eating ®sh have a greater risk to develop maternal osteomalacia during pregnancy. According to new Finnish laboratory analyses low-fat ®sh species contain more vitamin D than earlier assumed (Mattila, 1995) . However the discussion around the high content of mercury in certain ®sh species could have affected the ®sh consumption of pregnant women. It is also notable that, even though the average intake of calcium exceeds the recommendation, vitamin D is needed for the absorption of calcium.
Only 8% of the pregnant women met the recommendation concerning folate intake. The low consumption of fresh vegetables during the winter months partly explains the low intake. The losses of folic acid by oxidation and during heat treatments (Bergstro Èm, 1994) have to be taken into account when evaluating the actual amount of folate in diet. Pregnant women are advised to increase their consumption of foods rich in folate (Hasunen et al, 1997) . The use of folate supplements is recommended only if the diet is poorly constituted. Supplementation is also recommendable, if women have intestinal malabsorption or a history of a neural tube defect in the offspring. The results of this study indicate that more courageous advices to use folate supplements during pregnancy are needed, particularly since toxicity due to therapeutic use is extremely rare (Steegers-Theunissen, 1995) . In the present study, 27% of the women had used supplements containing folate. Their average daily folate intake was 314 mg (s.d. 80) from the diet and 78 mg (s.d. 54) from the supplements.
Our ®ndings suggest that the use of dietary supplements increases during pregnancy (Kaartinen et al, 1997) . The proportion of supplement users was 36% among nonpregnant women, whereas in the present survey the proportion was 70%. When the typical supplement user in the study of Kaartinen et al, 1997 was an urban and well educated Finnish woman, we could not clearly de®ne any characteristics of the supplement user during pregnancy. A low haemoglobin value might be the strongest incitement for starting to use iron preparations. The extensive use of fruit juices by supplement users indicates that the knowledge of the impact of vitamin C on the absorption of iron is well known.
Overall the use of dietary supplements did not target those nutrients with a risk of an insuf®cient intake. If the recommendation to use vitamin D supplements had been extensively followed, the proportion of vitamin D supplement users would have been close to 100%, not 31% as observed in our study. However, the most popular group among the dietary supplements was not vitamin D preparations but combination preparations comprising several vitamins and minerals. Pregnant women used these supplements probably because they just wanted to make sure that their diet was well-balanced.
The age and the length of education were related to food consumption and nutrient intake in pregnant women. According to our results young and less educated women need more nutritional guidance. The high consumption of coffee and alcohol by smoking pregnant women is also noteworthy when allocating nutritional guidance in maternal welfare clinics. The observed differences in the quality Diet of pregnant women M Erkkola et al of diet in relation to education and age are even more conspicuous among pregnant women than those reported in non-pregnant ones. In a Finnish study on socioeconomic differences in the quality of diet (Roos et al, 1996) higher socioeconomic groups (according to education and household income) consumed more of contemporarily recommended foods, such as vegetables and fruit and berries, but less traditionally recommended foods, such as bread and potatoes. Overall socioeconomic differences in food consumption have been more evident than the differences observed in nutrient intake between various Nordic countries (Pra Ètta Èla È, 1995). The high consumption of sugar and sweets by younger women is in line with the results from the Health Behaviour Survey among the Finnish Adult Population (Helakorpi et al, 1996) . In this study the drop out rate was 17%. This ®gure can be considered rather small, since keeping food diary for 10 d requires quite a strong motivation. It is possible that there are some cases of underreporting as a consequence of the relatively cumbersome recording method. Based on two earlier dietary surveys carried out in Finland in 1982 and 1992, the frequency of underreporting had increased from 33 to 46% during the ten years period (Hirvonen et al, 1997) . However, the previous study concluded that underreporting did not distort the main conclusions of the dietary surveys, when examining the intake of macronutrients. In studies on the intake of micronutrients underreporting can induce signi®cant bias. In this study the degree of underreporting was minimized by checking the records immediately after each recording period. The distribution of subjects by age and education was comparable to Finnish pregnant women in general .
Conclusion
The nutritional status of pregnant women is increasingly being regarded as important and might be related to intrauterine programming during early fetal life (Barker, 1994) . However, information on the optimal amounts of energy and nutrients during pregnancy is still insuf®cient. The present study shows that the Nordic Nutrition Recommendations and national Finnish recommendations for pregnant women target the appropriate issues. The attention has to be focused on quality rather than quantity in maternal nutrition. This is also a strategy for improving the intake of the most critical nutrients: vitamin D, folate, and iron. A balanced diet covers most of the increased need of nutrients during pregnancy. Dietary supplements are only required to ensure the intake of vitamin D during the winter months and the intake of folate in special circumstances. A suf®cient intake of iron seems also to be dif®cult to meet solely through the diet during the later part of the pregnancy.
